ABSTRACT Objective: We aimed to evaluate the role of sex hormone-binding protein and high-sensitivity C-reactive protein for predicting gestational diabetes mellitus. Methods: A total of 99 pregnant women between 6 th and 14 th gestational weeks who were admitted to our obstetrics and gynecology outpatient clinic between February 2017 and July 2017 were included. Age, gestational week, last menstrual date, gravida, parity, height, weight, history of gestational diabetes mellitus, macrosomia and polyhydramnios, tobacco use, delivery mode, delivery weight, sex hormone-binding protein, and high-sensitivity C-reactive protein levels were recorded. Results: No difference between gestational diabetes and control group with regard to age, gravida, parity, gestational age at delivery and tobacco use (p>0.05) was noted. Body mass index, history of gestational diabetes, macrosomia and polyhydramnios, birth weight and cesarean rates were significantly higher in gestational diabetes group. Sex hormone-binding protein levels were 213.4±111.33 nmol/L in gestational diabetes and 251.64±137.94 nmol/L in control group, which were not significatly different between two groups (p=0.325). High-sensitivity C-reactive protein levels were 10.12±11.36 mg/L in gestational diabetes and 5.18±5.91 mg/L in control group and statistically significant difference was noted between two groups (p=0.004). High-sensitivity C-reactive protein >3.25 mg/L was found to be a predictor for gestational diabetes with a sensitivity of 78% and specifity of 62%. Conclusion: First trimester high-sensitivity C-reactive protein was found to be a predictor for gestational diabetes mellitus in which early diagnosis has a critical role for reducing maternal and fetal mortality and morbidity.
INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as glucose intolerance of various degrees that developed during pregnancy or diagnosed in pregnancy for the first time and is the most common complication of pregnancy (1) . It is known that 6%-7% of all pregnancies are complicated with diabetes, and approximately 90% of these pregnancies are diagnosed with GDM (2, 3) . The frequency of GDM varies according to the prevalence of type 2 diabetes, average age, screening-diagnostic criteria, and ethnicity of that population. GDM is more common in Spanish, American, Asian, and Icelandic populations (1) . In America, the rate of GDM is reported to be 6%-7% (4) . The prevalence of GDM, in the limited number of studies made in different cities in Turkey, varies between 3% and 9%, and it is reported that this percentage increases to 11.4% depending on the diagnostic criteria (5, 6) .
Maternal age, obesity, history of GDM or macrosomic infant birth in previous pregnancy, presence of GDM in first-degree relatives, history of abnormal glucose tolerance and being a member of an ethnic group at risk of type 2 DM, previous unexplained perinatal pregnancy loss or having a baby with anomaly, detection of glucosuria at the first prenatal visit, presence of polycystic ovary syndrome, use of glucocorticoids, and presence of essential hypertension or gestational hypertension are the main risk factors for GDM (7, 8) .
It has been shown that approximately 50% of women who develop diabetes during pregnancy would develop diabetes within 22-28 years of gestation (9) . In addition, in pregnancies complicated with GDM, preeclampsia; polyhydramnios; preterm delivery; sudden fetal loss; birth trauma; cesarean rate; after delivery hypoglycemia, hypocalcemia, hyperbilirubinemia, and hyperviscosity; respiratory distress syndrome; sudden infant death; at later ages obesity; type 2 DM; cardiovascular disorders; and neurological intellectual problems have been shown to increase (9) (10) (11) (12) . The lack of good glycemic control is regarded to be responsible for the development of complications seen in gestational diabetes. Perinatal morbidity is proportional to the level of glycemic control of the mother (13) . Therefore, early diagnosis, appropriate treatment, and follow-up of patients with GDM by screening during pregnancy are critical in preventing mortality and morbidity in the mother and baby due to diabetes (14) .
The American College of Obstetricians and Gynecologists and the American Diabetes Association recommend screening for all pregnant women at 24-28 weeks of gestation with single-or double-step oral glucose tolerance test (OGTT) with respect to gestational diabetes (15, 16) .
Although many factors have been proposed in the etiopathogenesis of gestational diabetes, this issue is still controversial. Previous studies have shown that inflammation plays an important role in the pathogenesis of GDM. Inflammatory molecules, such as tumor necrosis factor-alpha and C-reactive protein (CRP), are known to increase in GDM. CRP is associated with insulin resistance, hyperglycemia, and glucose intolerance. In addition, the relationship of high-sensitivity CRP (hsCRP) with obesity and diabetes mellitus is proven (17) . hsCRP is a prototype acute phase protein from the "pentraxin" family consisting of non-covalently linked five identical subunits weighing 120 kDa (18) . It is produced after tissue damage, inflammation, and infection (17) . Another effective marker in glucose balance is sex hormone-binding globulin (SHBG). Low levels of SHBG are frequently seen in cases of insulin resistance and are considered as a potential predictor of GDM and subsequent type 2 DM in overweight populations (19, 20) . The prospective cross-sectional study evaluating serum SHBG levels reported that SHBG concentrations were significantly lower in patients with GDM than in normal pregnancies (21, 22) .
The practical feasibility of the proposed OGTT in GDM screening is becoming increasingly difficult. Beliefs in Turkish society, false reports on social media, and drinking of glucose water that triggers digestive system disorders during pregnancy are the main challenges. In the present study, the levels and the role in predicting GDM of SHBG and hsCRP, which can be an alternative to OGTT performed at 24-28 weeks of gestation and provide the diagnosis of GDM in early gestational weeks, were examined in patients with GDM in a Turkish population.
METHODS
The study was performed with 100 pregnant women at 6-14 weeks of gestation who were admitted to the obstetrics clinic for routine antenatal follow-up between February 2017 and July 2017. Inclusion criteria were women age 18-40 years, singleton pregnancy at 6-14 weeks of gestation, first trimester hemoglobin A1c <6%, fasting plasma glucose (FPG) <126 mg/dL, and postprandial plasma glucose (PPG) <200 mg/dL. Exclusion criteria were presence of a diagnosis of type 1 or type 2 DM, presence of any endocrinopathy or inflammatory disease, using a drug effective on carbohydrate metabolism, having multiple pregnancies, and failure to provide verbal or written consent to the study. One pregnant woman was excluded from the study because of abortion at 18 weeks of gestation. A total of 99 patients were included in the study.
The gestational weeks of the pregnant women included in the study were determined by their last menstrual period and ultrasonography examination. Age; gestational age; last menstrual period; gravida; parity; weight; length; history of GDM, macrosomia, and polyhydramnios; smoking; mode of delivery; and birth weight were recorded. Blood samples were also obtained for hsCRP and SHBG after 8 h of fasting with their routine examination. In addition, 75 g of OGTT was performed between 24 and 28 weeks of gestation for the screening of GDM. No diet program was applied to pregnant women before this procedure. Normal values were based on the levels recommended by the International Diabetes and Pregnancy Study Group. Considering the FPG ≤92 mg/dL, 1st hour ≤180 mg/dL, and 2nd hour ≤153 mg/dL as normal limits, 14 of the 99 pregnant women were diagnosed with GDM. Pregnant women with GDM were referred to the endocrinology outpatient clinic for treatment planning. At first, diet therapy was started to all patients. The patients were asked to note fasting and postprandial blood glucose levels for 2 weeks. At the end of 2 weeks, insulin therapy was started in four pregnant women with an FPG ≥105 mg/ dL or a PPG at 1 h ≥140 mg/dL. 
Statistical Analysis
Data were analyzed by the Statistical Package for Social Sciences version 20.0 (IBM Corp., Armonk, NY, USA) program. Shapiro-Wilk test was used to determine the normal distribution of variables. Descriptive data were expressed as mean±standard deviation, percentage, and median (minimum:maximum). For comparisons between the patient and control groups, Student's t-test was used for normally distributed variables, Mann-Whitney U test was used for variables with non-normal distribution, and chi-square test was used for categorical variables. The receiver operating characteristic (ROC) analysis was performed to evaluate the predictive power of SHBG and hsCRP for GDM, and the sensitivity, specificity, and positive and negative predictive values were calculated. A p value of <0.05 was considered to be statistically significant for all analyses.
RESULTS
The mean age of all patients included in the study was 27.79±5.54 (minimum 18: maximum 43) years. The mean gravida was 2 (1:4), and the mean parity was 1 (1:3). Of the 99 patients, 14 (14.1%) were smokers, 7 (7.1%) had a history of GDM, 3 (3%) had macrosomia, and 5 (5.1%) developed polyhydramnios during the current pregnancy. Cesarean section rate was calculated as 23%.
The features of the GDM and control groups are shown in Table  1 . There was no significant difference between the two groups with respect to age, gravida, parity, gestational week at birth, and smoking (p>0.05). Body mass index (BMI), history of GDM in previous pregnancy, macrosomia development during the current pregnancy, polyhydramnios development, birth weight, and cesarean delivery rate were significantly higher in the GDM group than in the control group. The levels of SHBG were 213.4±111.33 nmol/L in the GDM group and 251.64±137.94 nmol/L in the control group, and no significant difference was found between the two groups (p=0.325). The levels of hsCRP were 10.12±11.36 mg/L in the GDM group and 5.18±5.91 mg/L in the control group, and there was a statistically significant difference between the two groups (p=0.004).
When the ROC curve was drawn to evaluate the role of hsCRP in predicting GDM, the area under the curve was 0.72, and the cut-off value was 3.25 mg/L (p=0.007). In the diagnosis of GDM, the sensitivity of hsCRP was 78%, and the specificity was 62%. Positive and negative predictive values were calculated as 67.2% and 73.8%, respectively. The ROC curve showing the value of the hsCRP parameter in the GDM diagnosis is shown in Figure 1 . DISCUSSION GDM, which is defined as glucose intolerance that developed during pregnancy or diagnosed during pregnancy, is a condition that can be accompanied with diabetes, hypertension, and cardiovascular and neurological complications in the future maternal and infant life cycle (1) . Studies have shown that the earlier the diagnosis and treatment of patients with GDM, less complications can occur. Nanda et al. (23) , in their study on the early detection of complications that may occur during pregnancy, showed that advanced maternal age, increased BMI, ethnicity, history of GDM in previous pregnancies, and history of delivery of macrosomic infant may be a determinant for the development of GDM in subsequent pregnancies. In our study, BMI, history of GDM in previous pregnancy, development of macrosomia during the current pregnancy, development of polyhydramnios, birth weight, and cesarean delivery rate were significantly higher in the GDM group than in the control group.
Inflammation is known to play a role in the pathogenesis of GDM. Therefore, many inflammatory molecules have been investigated in the diagnosis and prognosis of GDM. One of Table 1 . Characteristics of the GDM and control groups these molecules is hsCRP. Denisson et al. (24) hypothesized that maternal obesity, which is known to be a risk factor for GDM, produces a low-grade inflammatory state. Therefore, hsCRP is considered to be a risk factor for any obesity-related disease, such as metabolic and cardiovascular diseases. Therefore, the hypothesis that hsCRP, an inflammatory molecule, may be also high in GDM has been established and supported by studies (25, 26) . Bo et al. (27) , in their study in 2005, showed that hsCRP increases as if to promote the inflammatory process in GDM, and that this is associated with BMI. Wolf et al. (28) , in a case control study in 2003, evaluated CRP levels in the first trimester in 43 patients with GDM and 94 normoglycemic patients and found that the CRP levels of the first 3 months are significantly higher in the GDM group than in the control group. In our study, hsCRP was also found to be higher in the GDM group than in the control group. In addition, in our study, it was determined that hsCRP values >3.25 mg/L predicted GDM with 78% sensitivity and 62% specificity.
Sex hormone-binding globulin (SHBG). is another molecule that has been shown to be associated with insulin resistance and the development of type 2 DM. Low levels of SHBG (regardless of gender) was found to be determinative for type 2 DM (29, 30) .
Owing to the inhibitory effect of both insulin and insulin-like growth factor 1 on SHBG secretion by HepG2 cells in vitro, SHBG levels are thought to be an indicator of insulin resistance or hyperinsulinemia (31) . Çağlar et al. (32) evaluated the predictive value of SHBG in GDM in a study with 93 pregnant women and found that 30 pregnant women have complications with GDM, and that the SHBG values of these women at 13-16 weeks are lower than those of the control group. In the same study, they also concluded that SHBG, for the prediction of GDM, is valuable in screening early pregnancy.
In another study evaluating the relationship between SHBG and GDM, it was determined that the possibility of GDM development increased in patients with low SHBG levels in the first trimester, and that the decrease in SHBG levels was more prominent in patients who were in need of insulin use (31) . In the study by Maget et al. on the role of SHBG in predicting GDM, it was shown that SHBG predicts GDM with 85% sensitivity and 37% specificity. Another highlight in this study is that hsCRP and SHBG were combined to evaluate their roles in predicting GDM. It was found that the combination of hsCRP and SHBG showed GDM with 75.46% accuracy (33) . SHBG is affected by genetic heterogeneity in addition to hormonal and metabolic factors, and recent findings suggest that inherited single nucleotide polymorphisms in the SHBG gene carry the risk of developing GDM and type 2 DM. SHBG levels are inversely proportional to insulin concentrations and insulin resistance (19, 20) . In our study, SHBG levels were not significant in GDM. We think that the reason for this may be the genetic polymorphism in Turkish society or the small number of patients in our study.
Limitations of the Study
Our study has several limitations. First, it is a single-center study. Second, it has a small number of patients. Moreover, the fact that the evaluated markers were not repeated in the second trimester may be considered as another limitation.
CONCLUSION
GDM is the most common complication of pregnancy. It is a condition where mortality and morbidity can be significantly reduced in both maternal and fetal terms with early diagnosis. Therefore, the prediction of GDM in the early weeks of pregnancy by biochemical markers is very important. In conclusion, hsCRP in the first trimester may be predictive for GDM. 
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